Rationale: The mechanism of the first-generation epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) acquired resistance included T790M mutation, cellular-mesenchymal to epithelial transition factor (MET) or EGFR amplification, PIK3CA mutation, and transformation to small cell lung cancer. MET amplification accounted for only about 5% of the resistance cases.
Introduction
Development of molecular therapeutics brought benefits to lung cancer patients with driver mutations. To date, epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) has become first-line choice for treatment of lung adenocarcinoma harboring TKIs sensitive EGFR mutation. [1] However, majority of these patients inevitably experienced acquired resistance in <1 year. [2] The mechanism of the first-generation EGFR-TKIs acquired resistance included T790M mutation, cellular-mesenchymal to epithelial transition factor (MET) or EGFR amplification, etc. [3] So, rebiopsy might be a better choice before subsequent treatment in patients with EGFR-TKIs acquired resistance.
Pleural effusion occurred in 7% to 15% lung cancer patients. For advanced stage patients, pleural effusion could be obtained repeatedly and less invasively compared with rebiopsy. [4] [5] [6] Here, we reported 2 lung adenocarcinoma cases with MET amplification in pleural effusion rapidly responded to crizotinib after EGFR-TKIs acquired resistance. This study was approved by the research ethics committee of the First Affiliated Hospital of Soochow University. Informed consent was obtained from each patient. Tumor responses were evaluated every 2 months according to the Response Evaluation Criteria in Solid Tumors (RECIST 1.1) using chest imaging (computed tomography [CT] scan). As described in RECIST 1.1, objective tumor responses included complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD).
Case presentation

Case 1
A 73-year-old man with no smoking history presented with cough for 1 year was admitted in our department. Imaging studies showed a mass in the right upper lung with mediastinal lymph nodes enlargement ( Fig. 1A and F) . Bronchoscopy showed a neoplasm in the right upper lobe of lung and the biopsy demonstrated lung adenocarcinoma (micropapillary pattern). Further examinations, including head magnetic resonance imaging (MRI) and bone emission computed tomography (ECT) were normal. Then the patient was diagnosed as lung adenocarcinoma (IIIB stage). Performance status score is 3. The EGFR mutation test was performed and the exon 19 deletion was detected (67%). So, the patient was started on EGFR-TKIs (Icotinib, 125 mg, tid, orally). Although an initial clinical benefit was observed, symptoms did rapidly worsen 11 months later. A CT scan showed a progressive lung mass with pleural effusion ( Fig. 1C and H) . So, the nextgeneration sequencing (NGS) of pleural effusion was performed and only MET gene amplification (2 times) was detected. Based on the presence of the MET amplification, crizotinib (a potent competitive MET inhibitor, 250 mg bid, orally) was initiated. Then the symptoms of the patient were improved. Moreover, CT scan performed at 2 months after crizotinib treatment showed that the mass and pleural effusion reduced significantly ( Fig. 1D and I) . However, the patient showed progressive disease after 4 months.
The CT scan showed enlargement of mass and the increasing of pleural effusion ( Fig. 1E and K).
Case 2
A 50-year-old never-smoker woman, experiencing cough and dyspnea for 2 years, underwent a CT scan, which showed a mass in the left lung ( Fig. 2A and F) . Bone ECT showed multiple bone lesions. Bronchoscopy showed a neoplasm in the left upper lobe of lung and the biopsy demonstrated lung adenocarcinoma (lepidic pattern). So the patient was diagnosed as lung adeno carcinoma (IV stage), and received 4 cycle chemotherapy (Pemetrexed + Carboplatin). But the disease progressed after chemical therapy. Then the EGFR mutation was detected in previous biopsy tissue and result showed exon 19 deletion (76%). So, the patient received EGFR-TKI (Icotinib 125 mg, tid, orally) treatment. After a 23-month (progression free survival) PFS, disease progressed with enlarged mass in the left lung accompanying with increased pleural and pericardial effusion ( Fig. 2C and  H) . Then the NGS (pleural effusion) assay was performed and the MET gene amplification (3 times) was detected. Based on these, crizotinib was initiated (250 mg bid, orally). One week later, the symptoms and life quality of the patient was improved. CT scan performed 1 month later showed a significant decrease in mass and a marked reduce in pleural and pericardial effusion ( Fig. 2D  and I ). The CT scan at 6 months after crizotinib showed a persist decrease of mass ( Fig. 2E and K) .
Discussion
Various mechanisms of EGFR-TKIs resistance were reported. T790M mutation, accounting for approximately 60% of the resistance cases, is presently the most common acquired resistance mechanism for first-generation EGFR-TKIs. [1] [2] But, neither of our cases was detected T790M mutation. On the contrary, we detected a rare mutation (MET amplification) in these 2 cases. MET amplification is another mechanism of EGFR-TKIs resistance by activating bypass signaling through receptor tyrosine kinase, accounting for 5% to 10% of EGFR-TKIs acquired resistance. [3] Furthermore, some other mechanism was also observed, including EGFR amplification, PIK3CA mutation, and transformation to small cell lung cancer. [2] So, repeated biopsy and identifying molecular changes might benefit before subsequent treatment in lung cancer patients with EGFR-TKIs acquired resistance.
Pleural effusion is a familiar complication in advanced stage lung cancer patients. In some patients with worse personal performance, repeated biopsy became difficult. So, pleural effusion might be a substitute choice for detection of driver gene. A previous study has shown the usage of pleural effusion in multiplexed molecular profiling in lung cancer patients by pyrosequencing or reversetranscriptase polymerase chain reaction. [6] Although this report showed 2 cases of MET amplification in pleural effusion, they neither indicated the concordance with matched tissue samples in the 2 cases, nor did they reveal the drugs selection or progression free survival. Moreover, they detected MET amplification using polymerase chain reaction, which was different from our methods (NGS). In our study, we gave the 2 patients crizotinib treatment after NGS results, and both of them got rapid response to crizotinib. These results indicated the efficiency of MET amplification detection in pleural effusion.
Some histological features of adenocarcinoma were associated with genotype. For example, EGFR-mutated adenocarcinoma is characterized by lepidic pattern, micropapillary pattern, and hobnail cell type. Our 2 cases were lepidic pattern and micropapillary pattern, respectively, according to the tumor tissue biopsy. However, the rebiopsy results only show metastatic adenocarcinoma without histological structure features, as these were determined via pleural effusion, not tumor tissue. This might be the weakness of liquid biopsy. But, the genotype could be implicated via NGS combined liquid biopsy.
NGS facilitates the sequencing of millions to billions of short fragments of DNA in parallel instead of 1 DNA fragment at a time (Sanger sequencing), allowing concurrent analysis of many genes/exons in a single assay. [8] The NGS assay is capable of detecting the full range of mutation types on minute specimens, including fine needle aspiration rinse, plasma, pleural effusion, and bronchoalveolar lavage. [6, 7] Many mutations have been detected by NGS in pleural effusion after EGFR-TKIs resistance was reported, including T790M, ALK, KRAS, etc. [8, 9] However, there has no report previously showing MET amplification in pleural effusion using NGS. Our study not only showed the MET amplification in pleural effusion using NGS, but also demonstrated the clinical role in assessment response to crizotinib. So, it was feasible to assess the MET amplification and response to crizotinib using NGS in pleural effusion.
